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SECTION I

GEMS STUDLY PROGRAM

1.1 INTRODUCTION

The GEMS Study program has béen.éuccessfully completéd. The program
efforts succecded in accomplishing the major objectives. Techniques were
cstablished for generating cealistic simulations of the appropriate mission
material; the accuracies of the simuiation processes were defined for most of
the simulation technique; and the psychéphysical study was effectiﬁo in defin-
ing the increment spacings for a modulation transfer function.(MTF) - ground
exposure GEMS matrix array and the accuracy of the sﬁbjective judgments of

each parameter.

Since a comprehensive final report was submitted at the completion
of each program task, the program final report wili serve to summarize the
findings of the tasks and to discuss the potential implementation of GEMS in

the evaluation of mission material.

1.2 PROGRAM OBJECTIVES
The GEMS Study program was concerned with seven basic tasks. The

major objectives of each task arc defined in the following subparagraphs:

1.2.1 Refinement of Techniques-

In refining the simulation techniques of the GEMS modified
contact. printer, the primary objectives were to improve the precision with
which each of the image quality parameters could be controlled and to determine
the accuracy of the simulation processes. The simulation processes and instru-

mentation were up-dated in accordance with the study findings. This task was

1
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later modified to include the study of MIF simulation control in the Pscudo

GEMS Viewer concept.

1.2.2 Alternate GEMS Technique

In simulating MTF with the modified printer GEMS instrument,
it was conceived that the control of this simulation parameter would be Fresnel
diffraction limited at approximately 100 cycles per millimeter. In the antici-
pation of future simulation requirements above this upper spatial frequency
limit, an alternate means of controlling MIF was investigatdd. The alternate
techniqﬁe inveétigated involved the usc of a modified copy camera system where
the Spread function of the imagery was modified by coﬁtrolling the size and

shape of the copy lens pupil function.

1.2.3 System Parameters Study

Under the redircction of efforts phase of the program, the
System Parameters study was initiated in order to obtain objective measures
of such appropriate mission material parameters as MIF, ground exposure, and
scene contrast; and such film-processing characteristics as the film sensito-
metric curve, film granularity, and film density neutrality. These objective
measures were used in establishing the parameters of the psychophysical GEMS

matrix,

1.2.4 Equal Mégnification GEMS Study
Undcf the redirection of efforts phase of the program, the
Equa] Magnification GEMS study was established for the purposc of defining a
technique thaf would permit realistic simulations to he gcneratéd at the same
scale factor as mission material. This task evolved because ordinary ragative

material could not be employed in gencrating a GEMS master transparency with a

2
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faithful reproduction of the ground exposure tonal scale, In addition, the .
control of the MTF-simulatioﬁ was influcnced by the non-linearitics in the

toe and shoulder areas of the original film characteristic curve.

1.2.5 Psvychophysical GEMS Study

.The major objactive of the Psychophysical GEMS study was to
detefmine the usefulness of GEMS in the.subjCCtive evaluation of.mission
material. The objective was to be aCCOmplished by psyéhophysical experimen=
tation. The informati;n to be acquired from thié~experiméﬁ£ation was to
include:

a) the visual perceptible increment spacing of MIF. ard

expésuro,

B) the accuracy of the subjectéx-judgments of each parameter,

c) the uniqueness of Gach'MTF~exposﬁrc.elgment in a matrix

érray, and

d) a measure of the subject's ability to rank mission material

with CEMS.

1.2.6 GEMS Viewcr ~ Design Concept

Tf CEMS are to be employed in the evaluation of mission
material, it is esscntial that a viewer be designed for handling both the GEMS
and the mission material. [The design features of such a viewer were established
under this task. Consideration was given to such featufcs as an agutomatic
matrix element search mechanism, split fié]d viewing, GEMS rotation, and vari-

able magnification vicwing.

1.2.7 Pseudo GEMS Viewcr

1t was envisioned that a GEMS viewér could be constructed

where the paramcters of MIF, ground cxposure,. and -~cene contrast would be

Approved For Release 2002/06/1 7% CIA-RDP78B04747A000700010025-7
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simulated ’by,optical and ‘electricalv_meghanisms withiﬁa viewer. The fabri-
cal::i._ﬁon'of ‘a View.c‘r .of this na'ttire woqldn elimir}atc? ‘the need of a large film g
matrix array.. This task was dirccted .Ato_:w;st'rd demonstr_ation-'of the feasibility

of this concept with a breadboard experiment.
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SECTION II

SUMMARY OF TASK RESULTé

2.1 REFINEMENT OF TECINIQUES
The Refinement of Techniques was concerned with investigating the
following simulation processes and improving the simulation instrumentation,
a) MIF simulation on the GEMS modified contactrprinter
b)Y MIF simulation in the Pscﬁdo GEMS Viewer
¢) Exposure simulation

d) laze simulation

2.1.1 Simulation Technique Conclusions

An analytical investigation was pcrformed to determine the
effects of near-field diffraction on the control of MIT when the MIF was
simulated with the GEMS modified contact printer. The results of the inves-
tigation proved that the simulation of MIF could be suitably corntrolled below
100 cycles per millimeter. Above 100 cycles per millimctar the Fresnel difirac-
tion effect introduces a sizable alteration in the shape of an edge gradient.
The cedge shape alterations are too cxtensive to allow the simulation of specific

transfer function shapes in the high spatial frequency regions.

In the simulation of MITF -with the Pscudo GEMS Vicwer, non-
lLincar film imagery must be convolved with the degrading linear spread funciion
Qlcments of the viewer optics. An analyticgl investigation was performed to
determine the error that would result in the simulation of MTF when cmploying
a negative scenc as a master transparency. The investigation demonstrated that
a 160 cycle per millimeter MIT simulation could be achieved with less than a

4 percent error for the full tonal range of the imagery. Errors of less than

5
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2 percent would be introduced in an 80 cycle per millimcter MIF simulation.

Percentage errors of this magnitude are quite tolerable.

Modification of the GEMS instrument with a well regulated
light source has yielded exposure simulations within the tolerance limits of

the evaluation equipment. A 0,02 density exposure shift can be simulated,

An analytical and experimental investigation was initiated to
determine the accuracy of the haze simulation process. Due to the film cffects,
created by'thc.double exposure procecss, haze simulations cannot be achieved
with less than a 5 percent error by the pregent technique. By modifying the
GEMS instrumentation with a non-image forming, d.c., light source, both the
fogging exposure and the image exposure can be accomplished simultaneously; and
the film coffects would be eliminated. Simulating haze in this fashion is
identical to a.real haze situation except for shadow arca back-scatter. The
error of the simulation process then would be reduced to the error of the
evaluatioﬁ equipment, Tt is important to note that to obtain an estimatc of

haze with GEMS is not dependent upon the phenomena of shadow arca back-scatter,

2.1.2 Taostrumentation Conclusions

The GEMS instrument was modificd with a film vacuum platen
and a strobe flash unit. The vacuum platen and its associate jigging pczﬁit
control of the master transparcncy-GEMS film separation to + 0.0002 inches.
At a MIT simulation level of 50 cycles per miliimeter, the instrumentation
variables for the modified contact printer can be controlled to 4 2 percent of
thc'dcsircd transfer function. At 100 cycles per millimeter the error increases

to slightly less than + 4 percent.

6
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A strobe flash unit was iﬁstalled to -improve exposure repeat-
ability and to eliminate the film Reciprocity Law Failure problems introduced
by long cxposure times. With the new source, an exposurc repeatability of
4+ 0,01 density units is achievable. A + 0,01 density variability is equivalent
to the error of the densitometer used in the exposure evaluation process. It
is quite possible that the source has less variability than can be detected

with the evaluation equipment.

An acrial image rcad-out device was breadboarded in order to
obtain more accurate measures of sensitometric data in a copy camera reduction
system, In a copy system an error is introduced in the edge-gradient analysis
sensitometric data if the lens fall-off properties are not takén into account.
To obtain valid scnsitometric data, sensitometric step readings must be obtained
in the lens image plane. The bréadboard device provided sensitometric data

within + 0.01 density units for the low density region and within + 0.02 density

-units for the high density region.

2.2 ALTERNATE GEMS TECIINIQUL

The present use of a modified contact printer for the sinmulation of
MTF provides.predictable aﬁd controllable results over the spatial frequency
range of O to 100 cycles per millimeter. It is desired to extend the MIF
simulation capabilities to a higher frequency range; thercfo?e, an analytical
jnvesligation was conducted to determine the validity of several alternate

simulation approaches.

The alternate procedure established to be most valid involved the use
of a modified copy camera system with a variable-transmission, spread function

nask employed in the pupil plane of the lens for control of che image spread

7
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function size and shape. A breadboard unit was constructed and some experiments

werce performed to demonstrate the féaéibility of the, simulation concept,

The investigation was considered to be highly'successful,in view of
the fact that the only limitation was in the optics and not in the theories or
techniques utilized. The optics problem can be easily remedied. Despite the

limitation of the optics. the task produced several highly significant results,

First, the Vglidity of the,technique‘of‘MTF'modulgtioh‘by aperture
apodizaﬁion of a copy camera wasuconclﬁéively dembnstrated;. That the téchnique
waé not demonéstrated for spatial frequencies out to 200 cycles per millimeter
as intended was, as sratgd, the fault of the optics used, not_of.the"technique
itself. The design of better optics_willjallowyextension of this technique
without serious difficulty to frcqﬁengi;s of-ZOO ;§EICS per millimeter and

beyond,

Second, .the good MTF'agreement obtained bhetween the '"theory" and
experiment is.an excellent demonstration of the repecatability and accuracy of
the edge-gradient analysis technique itself; although this was suppocedly not

at stake here, it is a worthwhile correoboration of the method.”

Third, the expericnce gained by encountering and partially surmount-

ing the breadboard difficultics is valuable for future efforts.

2.3 SYSTEM PARAMETERS STUDY

'the GEMS Study program is primarily cencerned with the simulation Qf
a particular class of acrial photography. The realism achicved in the simula-
tion of this photography is dependent upon both the simulation technigues and

a knowledge of the system parameters. Various talks with the customer's people

Approved For Release 2002/06/17 : CIA-RDP78B04747A000700010025-7
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indicated that no objective measurcments cxisted which would describe the

- mission material parameters ih(a'madner directly related to the objective
= evaluation of the GEMS.
-
Under the redircction of program efforts, a task was established for
- . . . 3 ’ v * .
the purposc of objectively defining both the film characteristics and the
- ~  system performance factors. The goal of the study was to define the following
parameters in suitable terms, for purposes of spaling'dnd evaluating the GEMS
- matrices:
a) film sensitometric curve
-
b) film granularity
- ¢) film density neutrality
d) system modulation transfer function (MIF)
- e) aerial image contrast
f) scenc exposure
- .
The parameters of the study were defined in temms of objective
-

measures whichwere apropos .o the evaluation of GEMS and the use of 25X1A

25X1A _:lfacility photographic cvaluation instrumentation.
- )

The study data cannot be condensed to single numbers without losing

significant information. TFor this recason, the data compiled in the text of
- the task report should be consulted for specific details,
"o abslract swmary measurcs pertaining to system performance factors,
-—
it can be stated that the study indicates the average aerial image contrast o
- be 0.274 modulation and the average scene exposure range to be a 0,44 density
difference for the six scencs evaluated. ¥Figure 1 presents a composlte graph
of the measured system transfer {unctions,
L4

: 9
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'Thg ﬁilm properties provi@e a knowledge offthe film response and
imaéery appearanéc; "This daté,'as éombiled? is to be used'to ensure proper
simulation of processing as well as-&o fufnisﬁ a means of mbnitoring.all vari-

ables which affect £ilm granularity and density neutrality.

The System Parameters Stuﬁy can be termed quite successful in that
the déta obtained served to define the operational lgvel of a system whose
performance is -rated as "good! .to 'best." :The data made ayailable by this
study was inclugive enaugh to give guidance in specifying éna evaiuating the
various system parameters as related to the production of a psychophysical GEMS

matrix.

2.4 EQUAL MAGNTFICATION GEMS STUDY -

Earlier GEMS efforts ostétlisﬁed the facf thét the appropriate pro-
gram mission material could not be simulétod‘ffom an ;riginal negative that
was processed fo a high gomma- and/or photographed under  conditions that intro-
duced cither a substantial degyee of atmospheric haze or a compressed scene
exposure range. The Lqual Magnificatign GEMS study was initiated to investigate
not only the properties that a transparency must posscss to yield a valld
simulation; but also the proper technique of performing the simulation. The
study treated all phases of the simulation topic. It clearly defined the
system parameters to be simulated and used these parameters as guldes in
developing the overall aspects of a total procedure.whiéh would yield realistic

simulated photographs.

The study results concluded that to properly simulate MIF, exposure,
and contrast, rcquires both a unity gamma, positive transparency with a large,
[ R

Lincar f£ilm density-exposure range; and-a wmodified ceopy camera for simulating

MI¥s above 100 cycles per millimeter., A positive transpavency of the nature

Approved For Release 2002/06/1% : CIA-RDP78B04747A000700010025-7
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described above is necessary in the simulation process, because the accuracies
of the simulations are ddpeﬁdent upon the modificatibﬁ of imagery which is
1inéarly felatedzto the EXposufe domain(‘ A-modifiéd copy camera 1is essential
in order to predictably contfol.MTF-and'fo avoid the effects of Fresnel

diffraction.

An experimental film study established that imagery obtained with
DuPont SR-102 negative reversal film would'satisfy'all-the positive transparency

requirements.,

2.5 PSYCHOPHYSICAL GEMS STUDY

A psychophysical study was conducted to determine the usefulness of
GIEMS as a subjective cvalﬁation tool. The study results definitely established
the fact that CEMS can be employed-té obtain realistic cstimates of system
performance. The study experiments provided‘Valuableiinformation pertaining_
to the matrix increment spacings for MIF and grodnd.exposure, the uniqueness of
cach parameter, the preciéion‘of the judgments, and the ability of interpreters
to rank mission material with GEMS.

2.5.1 Parametcr Scaling Findings

Yhe study results cstablished that equal, visually discrimin-
able steps of MIT and exposure are obtained for the ranges of the parameters
tested if the increments of MIF are spaced at cqual logarithmic steps and the
increments of exposure shift are spaced at equal density‘steps. A 677, accuracy
of discrimination is obtainable when the MIF steps are established at 12.57%
éround resolution increment intervals and the exposure steps are established

at 0.06 density shift intervals.

The results imply that -an exposure shift interval of 0.06

density units is too fine for camera system evaluation purposes since no changes.

Approved For Release 2002/06/17 1_@IA-RDP78BO4"7.‘47A00070001 0025-7
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in resolution due to exposure were discernable for the entire simulated exposure
range of the GEMS, . Tor the GEMS mafrix, it is suggested that the exposure

increments bc'establishea‘to correspond to exposure shifts-that produce 12.5%

changes in limiting ground resolution,

An MTF interval of 12.5% ground resolution steps is as fine
an increment spacing that can be discriminated with reasonable accuracy. It
is suggésﬁcd that this interval be cétablished as thé'incremcnt gpacing of the
GEMS matrix array. With the ﬁse_of & split ficld viewc? fbr making comparisons,

the accuracy of MIF discrimination may be improved.

2.5.2 Other Study Tindings

The experiment concerningjthe ranking of mission material
with a GEMS matri% indicated that the.sﬁbjecﬁs' jﬁdgments of the MIVF and
exposure levels of the mission photographs Wcre just éé'reliable as their
judgments when‘ranking one CEMS against aﬁqtber.' Iﬁ other words, the standard
deviations of their judgménts for ecach parameter were statistically the same
in both expcriments. The arcufacy of the judgments could not be determined
since no objective measurcs were made of the mission‘photographs used for the

study.

A very.important finding of the study was that scene content
scemed to have no effect on-the subjccts' ability to judge MIF or exposure.
This finding strongly suggests that the parameter of scenc content can be con-

fined to few scenes of various type imagery.

2.6 GEMS VIEWER STUDY
A concept design study was performed to define the features most

desirable for a CEMS Viewer. The cstablished instrument design concepht will

13
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enable rapid image quallty asscssment of roll film acrlal photography with GLMS_
Thc;instrumcnt was-dcsigned to_provide rapid assessmgnt capabilities by con~
sideration of thé followiﬁg featuresﬁ | |
1. Means for eaéy-storage ana quiék retrieval of a library of known-
quality images. The retrieval system will enable an operator to

select a GEMS having known quality values.

2. Means for rapid screcnln of - 011g1nal nogatlve roll f£ilm. The
instrumcﬁt will include a motorized roll film'tran9port, designed
to insure safety of roll film, and a variable intensity light

table.

3. Means for viewing the roil Tilm images and the reference images

(GEMS), simultancously.

4. Means for manipulation of the two images to permit convenient

positioning for optimum vicwing.

A dual split-ficis presentation was chosen as ‘the optimum device fov
viewing two photographs simultancously. The operator will sce a spl? field,

cach half containing an image to be compared.

This viewer must not degrade the images and yet must contain a variety
of adjustments to allow the operator to magnify and crient the images te suit
his individual preference. It4was.necc§sary to design an optical.system
gpecially for the CGEMS Viewer in order to accommodate the unique optical paths,
maintain the resolution of the images, and provide the magnifications and image

motions required to permit rapid comparison of photography.

Tt is also important that the comparisons between the vnknown images

recorded on roll film and the krown images recorded on GEMS be done in rapid

Approved For Release 2002/06/17 1:/CIA-RDP78B04747A000700010025-7
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succession, with a minimum of operator distraction. .This requires a fast storage
and retrieval system with a.simplified call up. A commercial address type
system was chosen for this applicotion.  Mounting four GEMS per address (slide)

increases the library storage-capacity to 1024 GEMS.

Images recorded on the roll film must be located and positioned in
the field of the micrqscope and oriented to the GEMS images. Because this may
be irreplaccable material, attention haé'becn giveﬁ fq'the film transport
system to ensure the sdféty of the film{ Constant tension is required in ovder
to maintain focus and prevent inching. A variable speéd.film,tran5port is

required to minimize scarch and positioning time.

The instrument is to be mounted on a hard wood table with the micro-

scope optical axis at a 15 degree downward tilt. Pertinent aspects of human

engincering have been carvefully considered tu minimize operator fatigue and

maximize convenience and speed of operaticen,

The operation-of this instrument will be simple cven though it con-
tains a variety of fecatures. Many of these featurcs,'although important, are
adjustments used only'on a "once per roll' basis (or even less frequently).
In additioﬁ, some operations arc combined (ec.g. joy sticks to cqntrol both X
and Y movements, simultancously). Further, all the ccentrols have been care-
fully located to facilitate manipulation at minimum operator cffort, No
problems are anticipated in the'operati6n of this equipment over long pericds

of time.

While this irnstrument has been designed to permit mission diagnosis
by comparison of photography and GEMS, it is clear that the instrument.cen be

casily applied to several other aspects of the overall photo-interpretation

15
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process. For instance, with little or no modificatien, the instrument can be
used for training of. new personnel, for assistance in target identification,.
and for change detection. Other potential applications may become apparent

later.

2.7' PSEUDO GEMS VIEWER STUDY

'A Pseudo GEMS Viewer opticql breadboard was constructed, The bread-
board wés used to test the concept of ménipﬁlating.fhe'photograph scene parame-
ters of MIF, exposure,'and contrast with optical and clect?ical mechanisms.
Such a device, if it produced realistic simulations, Qould climinate the nced

of a large matrix library of GEMS.

The study showed that reasonabl.: matches could be obtained for the
scenes employed, but theoretical»cbﬁsidératiéns iﬁﬁly'that the technique is
inadequate for the simulation of the appfopfiate missién material witﬁout
further refinement. It was established uﬁder thé Refinement of Techniques
task that the physics of a hazed aerial scene is actually the reduction of the
ground imager§ signal level by‘a superimposed, non~imagé_forming, d.c. iight

level in the exposure domain.

fo achiceve an accurate haze simulation in the Pseudo GEMS Viewcr with
only the use of non~image forming light and a transparcency, the density dis-
tribution of the viewer transpawvancy must be made 1inea?1y proportional to the
original ground exposure distributjbn. .In the above arrangement, a linear
;elationship between film density and ground exposure only exists for a positive
transparency whose cascaded gamma is unity. Since the pscudo cbncept must
cuploy a nogatiVe transpﬁrcncy with a gamma of approximately 2.2, the resulting

have simulations will not be valid.

o 16 o
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The pseudo breadboard experiment did not identify this flaw in the
concept, bécauée posiﬁive transparéﬁcies ﬁith a Cascaaed gamma éf unity were
employed. Howevér, byVihépecting thé degraacd pﬁotograph supplicd in the
Pseudo GEMS experiment ropdrf; it can bé scen that the low andlhigh-density
images werc not identically matched. This mismatch at the density extremes
occurred because Ehe toe and shoulder arecas of the film characteristic curve
departed from uﬁity gamma, If gamma 2,2 negative transparencies had been
employed'in the breadbqard expérimcnt; conéidefabiy méré of_this type of dis-

similarity would have resulted.

Exposure shifts also cannot be acéurately simulated by the experi-
mental pseudo approach, because of the negative transparency's non-linearities.
The GEMS concept eliminates the nonfiinearity problem by employing a unity

gammna, positive, master transparency in the simulation process.

17
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SECTION TTI '

PROGRAM CONCLUSTONS.

3.1 TECHNOLOGICAL STATUS
The cfforts of the GEMS Study program can be termed quite successful.
A1l of the major objectives of the program have been achieved. Studies per-
taining to the develoﬁment of simulation tgchﬁiunS'havc led to the establish-
ment of means for accurately cbntroiling the péoductiéﬁvof_rcalistic photo~

graphic simulations,

The problems associatcd with‘gen;rating GEMS at the same scale factor
as mission material were.defincd, and a procedure has been specified for elimi-
nating all apparent simulation difficultiés.' Tﬁc key factor that allows the
generation of realistic simulatiéns ig the ppsscssion;of'arpositive master
transparency whose image density distribution is‘lineafly proportional to the

ground exposure distribution.

In the simulation process, such a transparency permits the modifi-
cation of image spread functions and the introduction of grouﬁd exposure shifts
and varving degrees of atmospheric haze in identically the same manner as what
normally occurs in rcalllifo, except for the effect of atmospheric haze back-
scattef into shadow arcas. ‘Fortunatcly, subjective cstimates of contrast ave

not dependent upon the phenomena of back-scatter.

The realism of the GEMS simulations was substantiated in the psycho-
physical study where it was demonstrated that photo-interpreters could sub-
jectively estimate the image quality of wission material with the same degree

of yveliability as the ranking of one GEMS against another. The psychophysical

. 18
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and exposurc as well as the accuracy of the judgments of cach of these paramé~

ters.,

3.2 USEFULNESS OF GEMS

1t is essential to cstablish that the general concept of GEMS is usc-
ful. Tﬁe uscfulness of GEMS can be determined by examining the accuracy with
which the parvameters éan be judged. The psychophysical study results demon;
strate ﬁﬁat a photo—intefpretef can jﬁdge both é MTF inérement spacing oﬁ 12.5%
ground resolution steps and an exposure increment.spacing of 0.06 deusity'unit
steps with a 677% confidence of proper discrimination. Their ability to dis-
criminate levels of exposure is bettcr'thap'is necessary. Although their
discrimination of MIF levels may be slightly less sqnsitivc than desired,

reasonable estimates of MTT levels are obtained.

Serious consideration should he given to the point that the GEMS
estimates of MIF are alwmost aé accurate as the MIF objective determinations of
mission material, becausc of the variable factors associated with the typical
targets used in the measurcment process, Undér'cerfain cénditions, where the
quality of imagery is varying over tﬁe format and no'objectivo'measurement
targets exist in the arcas of interest, the MIF estimates obtained with GEMS
can be much more accurate than any infofrcd evaluations, Tmage quality varia-
tions occur quite frequent]y duc to variable haze conditions or variable cloud

coverage cxposure conditions.

The attributes of GEMS are another factor to be considered in deter-
wmining the usefulness of GEMS. The major attributes of GEMS are that they can
supply estimates of system performance quite rapidly and that these estimates

are not dependent upon either specific type targets or complicatad instrumen-
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tation that requires lengthy operator training time. It probably would require
a minimum of 4 to 8 hours to objectively ecvaluate, without- an on-line computer
to the instrumentation, the parameteirs of a single scene arca that could be

estimated with a GEMS matrix in a matter of a few minutes,

In summary, the psychophysical study demonstrated that GEMS can

provide a useful service as a rapid evaluation tool.

3.3 PROCRAM RECOMMENDATTIONS

At the last program review conference with the customer,

25X1A

stated that it would objectively evaluate both the GEMS and Pseudo GEMS con-
cepts; and to recommend on the basis of the technical socundness of each
approach, the concept thét would best serve the customer in his systems' evalua-
tion work. “The findings of the Variousfstddy tasks'defiuitely establish, with-
out any doubt, that the GEMS concept is the most va]id‘approach for acguiring

accurate diagnostic estimates of system performance at this time.

When considering the facts, the simulation technology has been
developed, the psychophysical parametgr scaling has-béeﬁ-detcrmined, and the
appropriate system pdarameters have been defined, implementing‘a GEMS matrix
as an evaluation tool can be accomplished in a fairly routine fashion., It
amounts to generating the CEMS libravy material and fabricating a GEMS Viewer
which has already been designed. It is our recommendation that the CEMS con-

cept he implemented.
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